ADDITIONAL INDEX WORDS. water stress, bioactive compounds, catalase, polyphenol oxidase, phenylalanine ammonia-lyase, ascorbate peroxidase ABSTRACT. The effect of long-term regulated deficit irrigation (RDI) strategies on bioactive compounds and enzymes at harvest, during cold storage [0 8C, 90% to 95% relative humidity (RH)] and after a simulated retail sale period (15 8C, 70% to 75% RH) of extra-early nectarine 'VioWhite 5' [Prunus persica (L.) Batsch] was evaluated for 3 consecutive years. RDI strategies were scheduled as follows: 1) control [irrigated at 110% of maximum crop evapotranspiration (ETc) during the whole season], 2) RDI 1 (irrigated at 110% ETc during critical periods of growth and at 85% of control during the rest of the growing season), and 3) RDI 2 (irrigated at 110% ETc during critical periods of growth and at 80% and 60% control during the second fruit growth stage in March and late postharvest, respectively). Results suggested the existence of water stress when RDI was applied on extra-early nectarine. The RDI effect induced a change on the activity of enzymes studied that depended on the intensity and duration of water stress. RDI fruit, especially RDI 2 , presented higher catalase (CAT), phenylalanine ammonia-lyase (PAL), and ascorbate peroxidase (APX) enzyme activity and, together with dehydroascorbic acid level, appeared as indicators of this abiotic stress. RDI nectarine fruit increased total phenolic and flavonoids contents improving the nutraceutical quality of the product. With storage, polyphenol oxidase (PPO) increased its activity through the reduction of flavonoids, particularly in pulp. In this study, RDI 2 achieved the highest initial and stored antioxidant capacity values. Peel compared with pulp was the main tissue where bioactive compounds were found in 'VioWhite 5' nectarine fruit and the only tissue with anthocyanin content in this white pulp nectarine. The significant water savings were of 780 and 2050 m 3
nutritional and organoleptic product. Nutritionally, nectarine fruit contain phytochemical compounds such as polyphenols and carotenes (Garc ıa-Parra et al., 2011) with high antioxidant potential. Previous studies have reported that an increase in the consumption of vegetables and fruit reduce the risk of diseases such as neck or head cancers (Maasland et al., 2015) and polyphenols such as chlorogenic acid, caffeic acid, or anthocyanins as cyanidin-3-glucoside found in peaches have a positive effect on the reduction in breast cancer incidence (Vizzotto et al., 2014) and other health-promoting benefits (Boeing et al., 2012) .
In this work, the extra-early nectarine cultivar VioWhite 5 was selected, as it had the proper caliber and organoleptic characteristics for the European market. It is a clingstone cultivar with bright red peel and white flesh. Early cultivars fetch high market prices in northern Europe, but their characteristics require cultivation in areas with high temperatures and short winters as found in Mediterranean climates that face intense periods of drought. Furthermore, the impact of water scarcity in areas such as southern Europe is being intensified in recent years with climate change (Iglesias et al., 2007) . In Mediterranean climates, agricultural systems are one of the leading water consumers, and improving irrigation management reduces strain on future water supplies (Katerji et al., 2008) . One possible solution is the application of irrigation water below the total ETc requirements during certain phenological periods, known as RDI (Chalmers et al., 1981; Dom ınguez et al., 2012; Goldhamer, 1989) . The design of these RDI strategies implies the study of crop responses to water stress while maintaining high-quality parameters in plants and products. Previous research has shown that application of RDI could even improve the quality of stone fruit such as in their skin color, increased soluble solids concentration improved fruit taste, reduced weight loss, and reduced fungal attacks during postharvest (Crisosto et al., 1994; Falag an et al., 2014; Mpelasoka et al., 2001; P erez-Pastor et al., 2007) . Water deficit promote and allow bioactive compounds concentration, as well as increasing antioxidant activity (CAT, APX, superoxide dismutase; Barbagallo et al., 2013; Laribi et al., 2013) . Some studies link this accumulation of compounds to oxidative stress, which directly or indirectly influences the biosynthetic pathway of these compounds (Urban et al., 2014) . The bioactive compounds, such as ascorbic acid (AsA), phenols, anthocyanins, flavonoids, and carotenoids are part of the plant's defense system, and many of them have human health-promoting effects, as mentioned.
In addition, it is important to note that extra-early cultivars are very compatible with RDI due to their major water requirements coincide with low ETc periods (Abrisqueta et al., 2010; Alcobendas et al., 2012) . Furthermore, most RDI studies focus on tree status and fruit quality (Buend ıa et al., 2008; Sotiropoulos et al., 2010; Thakur and Singh, 2012) , but the effect of water stress on the enzymatic activity of stone fruit has not been studied. The RDI effect on extra-early cultivars is still very limited, existing a lack of knowledge about the existence of water stress effect on fruit metabolism when RDI is applied. It is known the importance of oxidative stress in plant drought responses. This responses range oxidative damage to the role of reactive oxygen species (ROS) in signaling (de Carvalho, 2013; Miller et al., 2010; Noctor et al., 2014) . This means that plants need to perceive a stimulus and transform into a signal that activates defense mechanisms to survive. It is therefore opportune to try to understand how the enzyme activity varies due to these signals activating bioactive compound biosynthesis pathways. The enzymes chosen in this study are some of the key enzymes in these pathways. CAT is the main enzyme that activates with high concentrations of ROS as H 2 O 2 . PAL is the primary enzyme in phenolic compound biosynthesis while PPO is responsible for their degradation. Besides, we have chosen APX, involved in vitamin C processes also affected by RDI.
The objectives of this study were to elucidate the long-term effect of RDI treatments on extra-early nectarines over 3 years and their relation with selected secondary metabolites and related enzymes. Data obtained during the 3rd year are presented, showing the influence of long-term RDI on extraearly nectarine crops.
Material and Methods
EXPERIMENTAL SITE AND IRRIGATION REGIMES. The field experiment was conducted from 2010 to 2013 in a commercial farm located in Murcia, Spain (lat. 38°8#N, long. 1°13#W). The experimental plot had an area of 2 ha and consisted of 11-yearold 'VioWhite 5' nectarine trees (extra-early), grafted onto plum (Prunus domestica L. cv. Puebla de Soto 101) rootstock at a spacing of 6 · 3.5 m. This cultivar was chosen because of its high commercial value due to its early picking date, which commands a high market price, and its suitable size for European sales. Its blooming date is the last week of January as it is harvested the last week of April. The soil was a clay loam (41.6% sand, 25.0% silt, and 33.4% clay) with an average depth of 1.55 m, field capacity of 31%, low-available potassium, low phosphorus, and low organic matter content (2.0%) in the main root zone of the soil at the beginning of the study. The electrical conductivity (EC) of the irrigation water varied between 1.5 and 2.5 dSÁm -1
, depending on the source used (irrigation canal, well, or a mix of both). Normal cultivation practices (e.g., weed control, fertilization, pruning, fruit thinning, and banding) were carried out by the technical department of the commercial orchard. The drip irrigation system had two lines per tree row and 9.33 pressure-compensated emitters (1.6 LÁh -1 ) per tree, placed every 75 cm. Irrigation was scheduled weekly and applied with a frequency that varied from one to two times per day in spring-summer to one to seven times per week for the rest of the year. The start time of any irrigation was the same for all the treatments, and was done at night. During the experiment, three irrigation treatments were applied 1) control, irrigated at 110% of ETc during the whole season to avoid limiting soil water conditions, determined from the ETc reference guidelines (Penman-Monteith; Allen et al., 1998) ; 2) RDI 1 , irrigated at 110% ETc during the critical periods (third fruit growth stage and the beginning of postharvest) and at 85% of control during the rest of the growing season; and 3) RDI 2 , irrigated at 110% ETc during the mentioned critical periods and at 80% and 60% control during the second fruit growth stage in March and late postharvest (from July until November), respectively. The experimental design consisted of three replicates per treatment, randomly distributed within the orchard. Each replicate had three adjacent tree rows and 15 trees per row. Measurements were taken from trees in the central row, the other trees serving as borders (Falag an et al., 2015) .
TREE WATER STATUS. Midday (1200 HR) stem water potential (Y stem ) was measured with a pressure chamber (model 3000 Plant Water Status Console; Soil Moisture Equipment Corp., Santa Barbara, CA) according to the procedure described by Hsiao (1990) , every 7-10 d in six adult leaves per treatment that were enclosed in foil-covered plastic and aluminum envelopes at least 2 h before the measurement. The water stress integral was calculated annually from the midday S Ystem values (megapascals per day), as in Myers (1988) , to calculate the intensity of the water stress applied.
For three consecutive years, three nectarine harvests were studied. Data obtained during the 3rd year are presented. This 3rd-year data are consistent and accurate with the one registered in the previous two seasons. The 3 years followed the same trend and data were in the same range, providing repeatability, precision, and reliability to the study.
Nectarine fruit were collected at the beginning of ripening (%26 Apr.) according to commercial criteria, which is based on the maturity index (Table 1) with an average caliber of (mean ± SE) 61.56 ± 0.49 mm and an average weight of 115.6 ± 1.17 g. At harvest, around 60 kg per irrigation treatment were sampled and immediately transported 45 km by car under refrigerated conditions to the Pilot Plant of the Postharvest and Refrigeration Group in the Technical University of Cartagena. Fruit were selected by eliminating those with external defects or bruises. Sound nectarine fruit were located into boxes and stored at 0 ± 0.5°C and 90% to 95% RH in air for 10 d. Then, a simulated retail sale period of 3 d at 15°C and 70% to 75% RH in air was carried out. For each sampling day (0, 10, and 13 d), three repetitions (12 fruit/each) per treatment were used. For the analysis of secondary metabolites and enzymes, peel (exocarp) and pulp (mesocarp) were separated, cut into small pieces, frozen in liquid N 2 , ground to a fine powder with an analytical mill (A 11 basic; IKA, Berlin, Germany), and stored at -80°C until analyzed.
SOLUBLE PHENOLIC CONTENT. Frozen, ground samples of pulp (0.850 g) and peel (0.60 g) were placed in glass bottles and 3 mL of methanol:water (7:3, v/v; Panreac, Barcelona, Spain) was added. The extraction was carried out for 1 h in an orbital shaker (SSL1; Stuart, Stone, UK) at 200 g n in darkness inside a polystyrene box filled with ice. Then, 1.5 mL of extracts were transferred to three 1.5-mL microcentrifuge tubes and centrifuged at 15,000 g n for 10 min at 4°C. The amount of soluble phenolic content (SPC) in the supernatant obtained was determined according to Swain and Hillis (1959) with slight modifications as described in Falag an et al. (2014) . SPC was expressed as gallic acid equivalents (GAE) per 100 g fresh weight (FW). All measurements were analyzed by three technical replicates.
EXTRACTION AND QUANTIFICATION OF INDIVIDUAL PHENOLIC AND ANTHOCYANIN COMPOUNDS. Five grams of frozen peel and pulp samples were homogenized with 10 mL of a water: methanol solution (2:8, v/v) containing 2 mM NaF (Panreac), according to Tom as-Barber an et al. (2001) . Homogenates were centrifuged (15,000 g n , 15 min, 4°C) and supernatants were filtered through a 0.45-mm filter. Right after, 20 mL of the extracts were analyzed using a UPLC LC-30AD system (Shimadzu, Tokyo, Japan) equipped with a degasser (DGU-20A; Shimadzu), an autosampler (SIL-30AC; Shimadzu), a column oven (CTO-10AS; Shimadzu), a communications module (CMB-20A; Shimadzu), and a diode array detector (SPDM-20A; Shimadzu). The column used was a Gemini NX (250 mm · 4.6 mm, 5 mm) C18 column (Phenomenex, Torrance, CA). The mobile phases consisted of 95% water + 5% methanol; 88% water + 12% methanol; 20% water + 80% methanol; and 100% methanol, following the gradient detailed in Tom as-Barber an et al. ANTIOXIDANT CAPACITY. The extraction procedures used were as described for SPC. The total antioxidant capacity was determined as according to Benzie and Strain (1996) , with small changes as reported in Falag an et al. (2014) . Results were expressed as AsA equivalent (AsAE) per 100 g FW All measurements were analyzed by three technical replicates.
VITAMIN C CONTENT. For monitoring vitamin C content, the procedure used was as reported by Silveira et al. (2013) . Five grams of ground, frozen samples were placed in a conical tube protected against light, and 10 mL citric acid buffer (0.1 M citric acid; Sigma-Aldrich, St. Louis, MO), 0.05% ethylenediaminetetraacetic acid (EDTA; Sigma-Aldrich), 4 mmolÁL -1 NaF (Panreac), and 50 mLÁL -1 methanol in nanopure water were added. They were homogenized in a high-speed blender (Ultraturrax T-18 basic; IKA, Guangzhou, China) for 30 s. The homogenate was filtered through cheesecloth and after adjusting the pH to 2.3-2.4 using HCl (6 N; Panreac), the sample was passed through an activated Sep-Pak C18 cartridge (Waters, Mildford, MA). 750 mL of the extraction was kept in a 1.5-mL amber vial. Then, 250 mL of 1,2-phenylenediamine dihydrochloride solution (35 mg/100 mL) was added to the vial, and after 37 min in darkness, samples were analyzed by high-performance liquid chromatography (Series 1100; Agilent Technologies, Waldbronn, Germany). Total vitamin C was expressed as the sum of both AsA and dehydroascorbic acid (DHA) per 100 g FW.
Enzymatic Activity CATALASE (EC 1.11.1.6). Three grams of fresh tissue were extracted with 6 mL of 50 mM potassium phosphate (Panreac) buffer (pH 7.8) containing 0.1 mM of EDTA, 5 mM L-cysteine, and 0.2% of Triton X-100 (Panreac). To each sample, 0.12 g Fig. 2 . Total antioxidant capacity expressed as milligrams of ascorbic acid equivalent (AsAE) per 100 g fresh weight of 'VioWhite 5' nectarine fruit subjected to three different irrigation regimes {control [irrigated at 110% of maximum crop evapotranspiration (ETc) during the whole season], RDI 1 (irrigated at 110% ETc during critical periods of growth and at 85% of control during the rest of the growing season), RDI 2 (irrigated at 110% ETc during critical periods of growth and at 80% and 60% control during the second fruit growth stage in March and late postharvest, respectively)} and stored up to 10 d at 0°C plus 3 d more at 15°C. Data represent means of three replicates (n = 3 ± SE). Least significant difference (LSD) (5%) time · tissue = LSD (5%) treatment · tissue = 12.91.
of polyvinylpolypyrrolidone (PVPP; Panreac) and 60 mL of phenylmethanesulfonyl fluoride (Sigma-Aldrich) were added. Then, the mixture was blended with a high-speed blender (Ultraturrax T-18 basic). The homogenate was centrifuged at 23,500 g n for 5 min at 4°C. The resulting supernatants were purified using desalting columns (PD10; GE Healthcare Bio-Sciences, Pittsburgh, PA). Every step was carried out in dark and cold conditions. CAT activity was determined by spectrophotometric measurements at 25°C according to Wang et al. (2005) ).
14.18.1). PPO was extracted with 0.1 M sodium phosphate buffer (pH 6.5; Panreac) containing 0.4 M catechol (Sigma-Aldrich) and 50 gÁL -1 of PVPP. Samples were homogenized with a polytron. Then, homogenates were filtered and centrifuged (19,500 g n · 30 min · 4°C). Supernatants were analyzed as described in Cabezas-Serrano et al. (2009) with slight modifications. Every step was carried out in dark and cold conditions. A mixture of 75 mL of extract and 225 mL of 0.1 M sodium phosphate buffer (pH 6.5) with 0.4 M catechol were analyzed by spectrophotometric methods at 400 nm and 25°C for a period of 3 min. One unit of PPO activity was defined as the amount of enzyme that caused an increase of 1 absorbance unit in 1 min at 400 nm (e = 3450 M -1 Ácm -1 ) according to Falguera et al. (2012) .
PHENYLALANINE AMMONIA-LYASE (EC 4.3.1.5). PAL activity was determined with 50 mM borate buffer (Panreac) at pH 8.5, according to Ke and Saltveit (1986) . Four grams were homogenized in 16 mL of buffer containing 0.4 g of PVPP and 16 mLÁL -1 of mercaptoethanol (Sigma-Aldrich) at 4°C. The homogenate was filtered and centrifuged at 32,000 · g n for 15 min at 4°C. Every step was carried out in dark and cold conditions. The substrate used for the reaction was phenylalanine (100 mM; Sigma-Aldrich). PAL enzyme activity was determined spectrophotometrically as the amount of enzyme that produced 1 mmolÁmin -1 cinnamic acid (e = 0.977 mM
) at 290 nm at 40°C. ASCORBATE PEROXIDASE (EC 1.11.1.11). The extraction of APX was carried out as described by Nakano and Asada (1981) . One gram of sample was homogenized with 4 mL of 50 mM sodium phosphate buffer (pH 7), containing 0.1 mM EDTA, 1 mM AsA, and 1% PVPP with a high-speed blender (Ultraturrax T-18 basic). Then, the homogenate was centrifuged at 10,000 · g n for 20 min at 4°C. The supernatants were purified using PD10 desalting columns. Every step was carried out in darkness and cold conditions. Measurements were carried out at 290 nm. The specific activity was expressed as units per milligram protein, where 1 U of APX activity was defined as the amount of enzyme that caused an oxidation of 1 mmolÁmin -1 of AsA at 30°C (e = 2.8 mM -1
Ácm
-1 ). PROTEIN DETERMINATION. The content of protein was determined according to the method described in Bradford (1976) , using bovine serum albumin (Sigma-Aldrich) as the standard protein.
STATISTICAL ANALYSIS. The interaction among irrigation treatment and storage time was studied by conducting a bifactorial analysis of variance using the Statgraphics Centurion software (version XV.II; StatPoint, Warrenton, VA) for each response at a significant level of P # 0.05. When differences were found, the mean value was analyzed by the least significant difference test, which is shown in the figures.
Results

WATER SUPPLY AND TREE WATER STATUS.
The annual amount of irrigation water applied in each irrigation treatment was quantified. Control trees received more water as the experiment progressed due to the increase in water demand. The mean irrigation volumes applied during the 3-year trial were 6540, 5760, and 4490 m 3
Áha
-1 per year (for control, RDI 1 , and RDI 2 , respectively). The total seasonal reduction of water usage averaged 12% and 32% in RDI 1 and RDI 2 , respectively, with respect to the control treatment. The SY stem values were substantially higher in RDI 2 due to the greater reduction in the water applied, with SY stem averaging -1.2 and -0.2 MPaÁd -1 during the fruit growth stage in RDI 2 and RDI 1 , respectively. SOLUBLE PHENOLIC CONTENT. The changes in SPC content according to the type of irrigation treatment and storage time are shown in Fig. 1 . Peel extracts contained a higher SPC than pulp, and initially, peel from nectarine fruit under the RDI 2 watering regime contained a higher SPC than the other irrigation treatments (186.10 ± 12.53 mg GAE per 100 g FW vs. 156.75 ± 11.47 and 115.17 ± 1.77 mg GAE per 100 g FW for RDI 1 and control, respectively). This difference was maintained through most of the experiment, followed by a decreasing trend. On the other hand, the SPC detected in pulp showed more stable values. At day 0, RDI 2 presented a higher content (61.70 ± 4.36 vs. 38.05 ± 1.40 and 40.91 ± 0.94 for RDI 1 and control, respectively), but after cold storage no differences were found. At the end of the retail sale period, the initial values were best preserved in RDI 1 nectarine fruit.
INDIVIDUAL PHENOLIC AND ANTHOCYANIN COMPOUNDS. The individual phenolic and anthocyanin compounds characterized in peel and pulp of nectarine fruit are shown in Table 2 . As reported for the previous analysis, the greatest amount of phenolic and anthocyanin compounds was found in the peel. The most abundant polyphenol in the peel was chlorogenic acid, followed by neochlorogenic acid, catechin, and caffeic acid. However, in the pulp, neochlorogenic acid was the most abundant followed by caffeic acid. All of these individual phenolics were particularly high in fruit from RDI 2 followed by RDI 1 . All the samples suffered a reduction after cold storage and retail sale period. Anthocyanins were not detected in the pulp, but two main anthocyanins were quantified in the peel:cyanidin 3-glucoside and cyanidin 3-rutinoside.
The content of cyanidin 3-glucoside was higher than cyanidin 3-rutinoside in all the treatments. The concentration of these compounds followed a decreasing trend, with RDI 2 being the treatment that showed the least amount of change in the concentration of these bioactive compounds at the end of the treatment. ANTIOXIDANT CAPACITY. Antioxidant capacity was highly correlated with SPC content (r = 0.98), and a greater concentration of antioxidant compounds was again found in the peel rather than in flesh. RDI 2 peel had the highest values (236.99 ± 11.38 mg AsAE per 100 g FW vs. 217.72 ± 0.24 and 155.17 ± 17.79 mg AsAE per 100 g FW for RDI 1 and control peels, respectively), but a decreasing trend was observed in all treatments (Fig. 2) . As for the behavior observed for the SPC, the pulp showed a lesser decline than the peel and at the end of the experiment, no significant differences among treatments were noticed in the nectarine's pulp tissue.
VITAMIN C CONTENT. The change in vitamin C content is shown in Fig. 3 . The study of this vitamin is divided into its two biologically active forms: AsA and DHA, with the sum of these two forms adding to total vitamin C. In the case of AsA, control peel samples reached the highest content at the end of the retail sale period (17.87 ± 0.01 mg AsA per 100 g FW vs. 12.92 ± 0.41 and 8.46 ± 0.67 mg AsA per 100 g FW for RDI 1 and RDI 2 peels, respectively). However, no differences were found among the pulp tissues of any treatment, with the range of values being below than of peel (Fig. 3A) . This response was opposite to the DHA results. The peel from nectarine fruit under RDI 2 had higher DHA content than the other two irrigation treatments during the whole study (Fig.  3B) . Initially, RDI 2 had the highest content of vitamin C (44.12 ± 0.76 mg AsA per 100 g FW vs. 40.92 ± 1.71 and 36.26 ± 0.76 mg per AsA 100 g FW for RDI 1 and control peels, respectively). These values followed a decreasing trend with storage time, and at the end of the study no differences were observed. The same behavior was observed in pulp, but with overall lower levels (Fig. 3C) .
ENZYMATIC ACTIVITY. Initially, peels from RDI 2 nectarine fruit reached the maximum CAT activity registered in the experiment (0.58 ± 0.05 U/mg protein vs. 0.50 ± 0.01 and 0.47 ± 0.02 U/mg protein for RDI 1 and control peels, respectively). CAT activity gradually decreased with storage time. This loss of activity was more pronounced in control samples, and at the end of the retail sale period, peels from RDI 2 nectarine fruit still showed more CAT activity (Fig. 4) . During the whole experiment, the CAT activity in the pulp was lower than in the peel and in contrast, the PPO showed the opposite behavior. The main activity was detected in the pulp and followed by an increasing trend with storage time. Initially, RDI 1 nectarine fruit presented the highest PPO activity (Fig. 5 ), but after 10 d of cold storage no differences were found in the pulp among the treatments. During the retail sale period, pulp of control nectarine fruit had an increase in PPO activity, rising over the other treatments. The peel followed a parallel behavior, but always under the pulp levels (Fig. 5) . On initial evaluation, RDI 1 and RDI 2 peel showed the highest PAL activity followed by control peel (Fig. 6 ), but after cold storage, all treatments registered an increasing trend. This tendency changed during the retail sale period when PAL activity showed a gradual decrease. Pulp samples showed a similar behavior, but again, at lower levels. At the end of the experiment, results in all treatments were very close, but a higher activity in peel than in pulp was still found (Fig. 6) . As for APX, the highest activity was found in the peel, and especially in the nectarine fruit under the RDI 2 treatment (1.22 ± 0.02 U/mg protein vs. 1.06 ± 0.03 and 0.67 ± 0.04 U/mg protein, for RDI 1 Fig. 6 . Phenylalanine ammonia-lyase activity expressed as units per milligram protein of 'VioWhite 5' nectarine fruit subjected to three different irrigation regimes {control [irrigated at 110% of maximum crop evapotranspiration (ETc) during the whole season], RDI 1 (irrigated at 110% ETc during critical periods of growth and at 85% of control during the rest of the growing season), RDI 2 (irrigated at 110% ETc during critical periods of growth and at 80% and 60% control during the second fruit growth stage in March and late postharvest, respectively)} and stored up to 10 d at 0°C plus 3 d more at 15°C. Data represent means of three replicates (±SE). Least significant difference (5%) time · irrigation treatment · tissue = 0.06. Fig. 7 . Ascorbate peroxidase activity expressed as units per milligram protein of 'VioWhite 5' nectarine fruit subjected to three different irrigation regimes {control [irrigated at 110% of maximum crop evapotranspiration (ETc) during the whole season], RDI 1 (irrigated at 110% ETc during critical periods of growth and at 85% of control during the rest of the growing season), RDI 2 (irrigated at 110% ETc during critical periods of growth and at 80% and 60% control during the second fruit growth stage in March and late postharvest, respectively)} and stored up to 10 d at 0°C plus 3 d more at 15°C. Data represent means of three replicates (±SE). Least significant difference (5%) time · irrigation treatment · tissue = 0.07.
and control peels, respectively). In the pulp, no differences among irrigation treatments were found at day 0. There was a decreasing tendency in all the samples and in all conditions, with RDI 2 being the treatment that obtained the highest final APX activity either in peel or pulp (Fig. 7) .
Discussion
Environmental factors play a stimulating role in the synthesis and accumulation of useful phytochemicals in fruit. Besides, their role on moderating stress, provoked by controlled drought, appears promising (Poiroux-Gonord et al., 2010) . However, how long should the stress be applied to obtain a response? Is it possible to succeed with extra-early cultivars? It is well known that CAT activity can vary due to duration and intensity of the stress (Allen et al., 2010; Chaparzadeh et al., 2004; Mitchell et al., 2013) . This fact was observed in this extra-early nectarine cultivar showing differences in CAT activity levels between RDI 1 and RDI 2 treatments (Fig. 4) . This difference was a good indicator of water stress clearly distinguishable among the three irrigation treatments. Although the water stress integral was low due to the short period of time available between blooming and harvest (February-April) , changes in CAT demonstrate that early nectarine tree and fruit can detect and acclimate to water stress.
In this work, we observed a strong influence of water also on SPC. Nectarine fruit from RDI treatments contained more SPC that did the control treatment. Previous authors have shown water stress increasing polyphenol content in grape (Vitis vinifera L.) cultivar Merlot (Peterlunger et al., 2005) , olive (Olea europaea L.; G omez- Rico et al., 2006) , tomato (Solanum lycopersicum L.; Barbagallo et al., 2013) , and nectarine (Thakur and Singh, 2013) . Biosynthesis of phenolic compounds can be stimulated by abiotic stresses such as water stress, with drought shown to bring the accumulation of ROS such as superoxide, hydrogen peroxide, and hydroxyl radicals (Hasegawa et al., 2000) . These ROS may be signals that induce ROS scavengers such as phenolic compounds, leading to an increase in phenolic concentrations due to the activation of synthetic metabolic pathways (Xiong et al., 2002) . The higher SPC on the initial evaluation could be attributed to the activation of the PAL metabolic pathway due to stress conditions (Oh et al., 2009) , which was higher at harvest in RDI fruit and increased, in all irrigation treatments, during cold storage (Fig. 6 ). This postharvest increase could be explained by the increase in PAL activity under a chilling stress such as cold storage (Guo et al., 2008; S anchez-Ballesta et al., 2000) working as a biological marker in a defense-related enzyme group (Lafuente et al., 2003; Spadoni et al., 2014) . This circumstance could help RDI nectarine fruit in maintaining their initial phenolic concentration level (Table 2 ). In addition, PAL is the first enzyme that is active in the synthesis of phenols through the shikimic pathway, producing trans-cinnamic acid. This acid is converted to intermediate products such as coumaric acid, sinapic acid, and so on that can then turn into chlorogenic acid, coumarin, and so on, to finally obtain flavonoids, among other compounds (Dokhanieh et al., 2013; Kim et al., 2004) . In connection with this, the behavior of individual polyphenols was quite similar to the changes in SPC. Indeed, the average correlation coefficient between individual compounds and SPC was 0.91 (Table 3) . The sum of the levels obtained in pulp and peel for each polyphenol showed that chlorogenic acid was the most abundant, followed by neochlorogenic acid, its isomer. This was consistent with results obtained in different nectarine cultivars (Scattino et al., 2014) , with chlorogenic acid being the most abundant polyphenol in peach and nectarine fruit. Nectarine fruit under RDI showed changes in caffeic acid content that followed the trend described for chlorogenic acid, but in lower concentrations. These two compounds are linked because chlorogenic acid is the ester that is formed with caffeic acid and L-quinic acid (3-O-caffeoyl-D-quinic acid) (Clifford, 1999; Forino et al., 2015) .
The flavanol concentration results showed that RDI treatments had a higher concentration of catechin in the peel. However, these treatments as well as control suffered a decrease during storage and retail sale period due to their oxidation, probably caused by the increase of PPO levels in those same periods (Fig. 5) . Hofrichter and Ullrich (2014) proposed flavanols as the major substrates for enzymatic oxidation. This was mainly observed in control nectarine fruit that had a higher PPO activity and hence a lower concentration of flavanols. In fact, the correlation between PPO activity and SPC was 0.70, as shown by a decrease in the substrates (phenolics) due to the increase in PPO activity. PPO activity was higher in pulp than in peel, unlike the rest of responses. This meant that the loss of integrity and permeability of the cell membrane was more pronounced in pulp, granting PPO an easier access to phenolic substrates, increasing its activity through SPC oxidation. The Table 3 . Correlation coefficients among individual polyphenols and anthocyanins and antioxidant capacity and soluble phenolic content (SPC).
Influence of individual components on total contents of 'VioWhite 5' nectarine fruit subjected to three different irrigation regimes {control [irrigated at 110% of maximum crop evapotranspiration (ETc) during the whole season], RDI 1 (irrigated at 110% ETc during critical periods of growth and at 85% of control during the rest of the growing season), RDI 2 (irrigated at 110% ETc during critical periods of growth and at 80% and 60% control during the second fruit growth stage in March and late postharvest, respectively)}. reason why this oxidative reaction was more intense in pulp was because pulp contained less pectins in the cell membrane than peel, which act as stabilizers and thickeners (Liaotrakoon et al., 2013) . In the case of cyanidin 3-glucoside and cyanidin 3-rutinoside, the difference between both tissues was even higher, as these compounds were not detected in pulp. The lack of anthocyanins was also reported in different cultivars by others authors (Abe et al., 2012; Guo et al., 2003; Tom as-Barber an et al., 2001) . No anthocyanins were found in the pulp, because this group of flavonoids is usually located in the epidermal cells (Agati et al., 2012) . They are responsible for the fruit's color (Markakis, 2012) , so it is common not to find them in a white pulp nectarine fruit such as 'VioWhite 5'. In the case of peel, a greater accumulation of these anthocyanins in the nectarine fruit subjected to water stress was observed. Some works have also found an increase in total anthocyanins of apricot [Prunus armeniaca (L.) Huth], grape, and pomegranate (Punica granatum L.) fruit due to RDI (Buend ıa et al., 2008; Laribi et al., 2013; Peña et al., 2013; Tarara and P erez-Peña, 2015) . The expression of some of the genes responsible for anthocyanin synthesis has been reported to be significantly increased by water deficits (Deluc et al., 2009 ). In our experiment, most of the treatments suffered a general decreasing trend in anthocyanin concentration with storage time, in particular, under retail period. This decrease during storage was also found in pomegranate under RDI as reported by Laribi et al. (2013) , who also reported the high susceptibility of anthocyanins to enzymatic oxidation after very prolonged cold storage by the loss of cellular compartmentalization. This hypothesis agrees with findings of a study on the peel of litchi (Litchi chinensis Sonn.; Zhang et al., 2000) .
Antioxidant activity generally decreased with the reduction of the SPC, whereas PPO activity increased, oxidizing some of these compounds. Control samples showed the highest PPO activity, which meant lower antioxidant activity, while RDI samples, especially RDI 2 , and in peel tissue maintained a higher antioxidant activity at harvest and during storage. The existence of a high concentration of phenolic compounds in RDI nectarine fruit led to higher antioxidant activity, as these substances are responsible for the antioxidant activity in most plant tissues (Arion et al., 2014) . In potato (Solanun tuberosum L.) cultivars, drought conditions have been showed to increase oxidative stress, which could be responsible for the rise in total antioxidant content (Andre et al., 2009) . Research by Jovanovic et al. (2010) in potato and Peña et al. (2013) in pomegranate also found increased antioxidant content using deficit irrigation as compared with fully irrigated plants.
The results on the concentration of vitamin C showed that nectarine fruit from RDI had an initial higher vitamin C with lower AsA content but much higher DHA content, with the difference being more pronounced in the RD 2 treatment (Fig. 3 ). An opposite response was found in control nectarine fruit. The results showed that the level of water stress affected the oxidation of AsA into DHA, activating the APX enzyme (Fig. 7) . In control nectarine fruit, a higher content of AsA compared with DHA content was found, which implies a negative correlation between these two responses. However, this correlation is not obvious because the reaction is reversible, so it is possible to have both processes active at the same time. This can see in the higher APX activity in fruit subjected to RDI strategies. The observed decreasing trend in all treatments with cold storage and retail sale period could be a result of ripening and senescence (Gautier et al., 2008; Kalt, 2005) .
Conclusions
The results of this research work confirm the existence of water stress when RDI is applied on extra-early nectarine. The effect of applying RDI induced a change on enzymes studied depending on the intensity and duration of water stress. In this sense, RDI fruit, especially RDI 2 , presented higher CAT, PAL, and APX enzymes activity and, together with the DHA level, appeared as indicators of this abiotic stress. RDI nectarine fruit had an increased in SPC and flavonoid contents improving the nutraceutical quality of the product. With storage, PPO increased its activity, leading to a reduction of flavonoids, particularly in pulp. In this study, RDI 2 achieved the highest initial and stored values of antioxidant capacity. The peel, as opposed to the pulp, was the main tissue where bioactive compounds of 'VioWhite 5' nectarine fruit were found. The significant water savings was of 780 and 2050 m 3
Áha
-1 per year for RDI 1 and RDI 2 , respectively. Management of water stress by the application of RDI strategies can promote bioactive compounds on extra-early nectarine and contribute to reduce water demand.
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